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The prognosis for patients with recurrent glioblastomas
(GBMs) is dismal, with a median survival of 3-6
months. We performed a phase II trial of low-dose con-
tinuous (metronomic) treatment using temozolomide
(TMZ) for recurrent GBMs. TMZ-refractory patients
with GBM who experienced disease recurrence or pro-
gression during or after the cyclic treatment schedule
of TMZ after surgery and standard radiotherapy were
eligible. This phase II trial included 2 cohorts of patients.
The initial cohort, comprising 10 patients, received
TMZ at 40 mg/m” everyday. After this regimen
seemed safe and effective, the metronomic schedule
was changed to 50 mg/m> everyday. The second
cohort, comprising 28 patients, received TMZ at
50 mg/m? everyday. The 6-month progression-free sur-
vival in all 38 patients was 32.5% (95% CI: 29.3% -
35.8%) and the 6-month overall survival was 56.0%
(95% CI: 36.2%-75.8%). One patient developed a
grade III neutropenia, grade II thrombocytopenia in 3
patients, and grade II increase of liver enzyme (GOT/
GPT) in 3 patients. Of all patients included in this
study, 4 patients were withdrawn from this study
because of side effects including sustained hematological
disorders, cryptococcal infection, and cellulitis. In a
response group, quality of life measured with short
form-36 was well preserved, when compared with the
pretreatment status. Metronomic treatment of TMZ is
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an effective treatment for recurrent GBM that is even
refractory to conventional treatment of TMZ and has
acceptable toxicity.
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glioblastomas (GBMs) are very aggressive

tumors and their prognosis remains extremely
poor. A recent phase III randomized study for newly
diagnosed GBMs demonstrated that concurrent chemor-
adiotherapy using temozolomide (TMZ) followed by
cyclic TMZ chemotherapy significantly prolonged the
survival in patients with GBMs, when compared with
the radiotherapy alone.! However, despite optimal treat-
ment for malignant gliomas, recurrence is common
within the first 2 years. Since the majority of recurrent
GBMs are no longer candidates for further irradiation
or surgical intervention, most patients with recurrent
GBMs do not survive for 1 year after the diagnosis of
recurrence.””'*

Angiogenesis has recently been identified as an
important hallmark of malignant glioma pathology.
Malignant gliomas including GBMs are among the
most vascularized of tumors in humans.'"'* Recent
studies suggest that tumor angiogenesis may be a thera-
peutic target in GBMs.”!%13 Although several antian-
giogenic compounds have recently become important,
conventional administration of chemotherapeutic
agents typically requires a treatment-free period for the
recovery of normal host cells. However, during the
resting period, endothelial cells may have enough
chance to repair the damage inflicted by the

Despite multidisciplinary treatment approaches,
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chemotherapy and resume tumor regrowth during this
treatment-free interval.? Recently, it has been suggested
that this repair process could be compromised by con-
tinuous administration of chemotherapeutic drugs with
lower doses.*'*'* This frequent regular administration
of chemotherapeutic agents, known as “metronomic
chemotherapy,” increases the antiangiogenic activity of
the drugs.*®'>~17 This hypothesis has been confirmed
in several experimental tumor models that have led us
to the concept of “antiangiogenic scheduling.”?18-20
The metronomic scheduling for chemotherapy targets
both proliferating tumor cells and endothelial cells and
minimizes toxicity. 5!

Our preclinical study indicated that metronomic
treatment was effective to control the glioma in the
orthotopic model of TMZ resistant Cé6 rat glioma.'®
We also found the efficacy of metronomic treatment
for recurrent GBMs in the pilot study.”” The objective
of this phase II study is to evaluate the efficacy and
safety of metronomic treatment of TMZ for recurrent
GBMs that were refractory to conventional TMZ
administration.

Patients and Methods

Eligibility

Adult patients (>18 years) with a Karnofsky perform-
ance status score of >60 who had histologically
proven GBM were eligible for this phase II study.
Patients were required to receive chemotherapy using
TMZ following radiation therapy or concomitant che-
moradiotherapy for GBMs and unequivocal evidence
of tumor recurrence or progression by MRI. To
exclude pseudoprogression, tumor recurrence or pro-
gression should be developed at least 3 months after
the initiation of radiotherapy. All patients were required
to have normal hematologic, liver, and renal function
and did not undergo redo surgery for the recurrence.
Previous or current malignancies at other sites were
excluded in this study. Additional exclusion criteria
included the presence of uncontrolled systemic disease,
serious comorbid disease, or allergy to TMZ or the pres-
ence of any psychological, chronic alcohol addiction,
and central nervous system disorders that could result
in noncompliance with the study protocol or the
follow-up schedule. All patients provided written
informed consent prior to the study participation. The
study protocol was reviewed and approved by a local
Institutional Review Board/Ethics Committee.

Study Design

This open-label, single-center Phase II study was com-
posed of 2 cohorts of recurrent GBM patients. The
first 10 patients received treatment with TMZ at a
dose of 40 mg/m” everyday. After this regimen was
proved safe and effective, the second cohort, comprising
28 patients, received TMZ at 50 mg/m? everyday. The
regimen was given on an outpatient basis. Treatment
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continued until progressive disease occurred. At a
regular interval of 1 month, continuance of treatment
was determined based on toxicity. If grade II or higher
toxic effects as measured by the National Cancer
Institute Common Toxicity Criteria version 3.0
(NCI-CTC) were observed, treatment was held up for
at least 2 weeks and subsequently restarted at the same
dose level. Doses missed during a treatment period
were not to be replaced. All toxicities should recover
to normal levels before retreating. In the case of persist-
ent grade II or higher toxicity despite discontinuation of
treatment, further protocol treatment was stopped. The
primary endpoint was progression-free survival at 6
months (PFS-6) from the time of study inclusion.
Secondary endpoints included safety and tolerability of
treatment, response rates, and quality of life (QOL).

Evaluation of Treatment Response

Disease progression was radiologically confirmed by
baseline contrast-enhanced MRI. MRI was followed
up at a regular interval of 2 months (Figs 1 and 2).
Pretreatment tests included the assessment of complete
blood count with differential, platelet counts, and
serum chemistry profiles, which was repeated every 4
weeks. The criteria of MacDonald et al.** were used to
determine treatment response. A complete response
(CR) required disappearance of all contrast-enhancing
disease and no evidence of new lesions. A partial
response (PR) was defined as a decrease of >50% of
the baseline sum of measurable contrast-enhancing
lesions with no progression of evaluable disease and no
new lesions. Patients with stable disease (SD) were
those who had neither CR nor PR but no disease pro-
gression. A retrospective analysis was made to correlate
O°-methylguanine-DNA-methyltransferase ~ (MGMT)
promoter methylation status and disease progression.

Bisulfite Modification and Methylation-specific
Polymerase Chain Reaction

DNA from both the primary tumor and the renal carci-
noma cell lines was subjected to bisulfite treatment.
Briefly, 1 pg of DNA was denatured by sodium hydroxide
and modified by sodium bisulfite. DNA samples were
then purified using the Wizard purification resin
(Promega, Madison, WI), treated again with sodium
hydroxide, precipitated with ethanol, and resuspended
in water. DNA methylation patterns in the CpG islands
of the MGMT gene were determined by chemical treat-
ment with sodium bisulfite and subsequent methylation-
specific polymerase chain reaction (PCR). Primer pairs
specific for methylated, 5’'-tttcgacgttegtt cgtaggttttcge-3’
(sense) and 5’-gcactcttce gaaaacgaaacg-3’ (antisense),
and unmethylated, 5'-tttgtg ttttgatgtttgtaggtetet gt-3’
(sense) and 5’-aactccacactcttccaaa aacaaaaca-3’ (anti-
sense), were prepared. PCR conditions were 95° for §
minutes, and 95° for 40 seconds, 60° for 40 seconds,
and 72° for 40 seconds for 35 cycles, and 72° for 5
minutes. Each PCR product was directly loaded on an
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Fig. 1. Left, before treatment. On the gadolinium-enhanced T1-weighted magnetic resonance scans, the enhancing lesion on the left frontal
lobe shows increased cerebral blood perfusion (arrows). Right, after follow-up MRI 8 months after treatment. The size of the enhancing
lesion on contrast T1-weighted image was not definitely changed and cerebral blood perfusion (arrows) was partially reduced.

8% acrylamide gel, stained with ethidium bromide, and
observed under ultraviolet illumination.

Evaluation of QOL

Self-reported physical functioning measures were admi-
nistered at baseline, 3 months, and 6 months from
the beginning of treatment. All patients completed the
physical and mental component scores from the short
form-36 (SF-36),>® which is a general health QOL
measure that is well-validated and commonly used.
Higher scores indicated better health status for these
measures.

Statistical Considerations

Sample size was calculated to reject a 10% PFS-6 in
favor of a target PFS-6 of 30%, with a significance
level of 0.05 and a power of 80%. The Kaplan—Meier
method was used to estimate OS and PFS in the

intent-to-treat (ITT) population and the log-rank test
was retrospectively performed to identify the association
between the MGMT methylation status and PFS.

Results

Patient Characteristics

Between January 2006 and February 2008, 38 patients
with recurrent GBM were registered in this study. The
patient characteristics are listed in Table 1. There were
22 men and 16 women, with a median age of 51 years
(22-69 years). Sixteen patients had received prior con-
comitant chemoradiotherapy using TMZ followed by
adjuvant TMZ treatment and 22 other patients had
also undergone adjuvant TMZ treatment after radiation
therapy alone. All patients had tumor progression or
recurrence at a median 41.6 weeks (95% CI: 28.6—
54.6 weeks) and 13 of 38 patients developed recurrence
within 8 months from the initial diagnosis. At the initial
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Fig. 2. This 48-year-old woman underwent metronomic treatment after tumor recurrence. Left; before treatment; right, after follow-up MRI

4 months after treatment.

diagnosis, the methylation status of the MGMT promo-
ter was evaluated in a total of 32 patients, because tumor
specimens in 6 other patients were not available for the
reason of referral from other institutions. The MGMT
promoter was unmethylated in 23 (71.9%) of the 32
patients, whereas 9 patients revealed hypermethylation

of MGMT (Table 1).

Treatment Efficacy

On the basis of the ITT analysis, PFS-6 was 32.5% (95%
CI: 29.3%-35.8%) and the median PFS was 17 weeks
(95% CI: 15.8-18.2 weeks) (Fig. 3). There was no stat-
istical difference between the two cohorts of patients.
No significance was shown between groups who under-
went CCRT or radiotherapy alone followed by adjuvant
TMZ treatment (22 vs 16 weeks, respectively, P =
.156). Two patients had PR and 21 patients showed
SD. Twenty-three of 38 patients (60.5%) had SD or
PR to continuous metronomic treatment with TMZ. In
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the hypermethylated MGMT group, a median time to
progression was 17 weeks (95% CI: 5.9%-28.1%),
and in the unmethylated group, 23 of 38 patients also
showed a median time to progression of 17 weeks (95%
CI: 8.8-25.1 weeks). Consequently, response to the
metronomic treatment was not closely associated with
the MGMT methylation status (log-rank test, P > .05).

Overall Survival

The median 6 months overall survival (OS-6) from
the initiation of this study was 56.0% (95% CI:
36.2%-75.8%) (Fig. 4). The median OS was 41.0
weeks (95% CI: 4.4-77.6 weeks).

Toxicities

All patients experienced treatment-related toxicities;
however, most toxicities were limited to grade I or II
events. The most common toxicities in this study



Kong et al.: Phase Il trial of metronomic treatment for recurrent glioblastoma

Table 1. Patient characteristics

Characteristic Value
No 38
Age (yr)

Median 51

Range 27-69
Sex

Male 22

Female 16
Karnofsky performance status (%)

60 2

70-80 22

90-100 14
Extent of resection

Gross total resection 32

Partial resection 3

Biopsy only 2
Previous chemotherapy of TMZ

Concomitant TMZ with RT 16

Subsequent TMZ after RT 22
MGMT methylation status

Unmethylated 23

Methylated 8
Time from diagnosis (mo)

Median 9.7

Range 3.1-38.6

Abbreviations: TMZ, temozolomide; RT, radiotherapy; MGMT,
O°-methylguanine-DNA methyltransferase.
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Fig. 4. Kaplan—Meier OS from the recurrence.

Table 2. Toxicities related to the treatment

Toxicities (NCI-CTC) Number
Grade | Grade Il Grade lll

Neutropenia 4 0 1
Thrombocytopenia 17 0
Lymphopenia 3 5 3
Anemia 16 1 0
Nausea 23 2 0
Vomiting 13 0 0
Elevated liver enzyme 15 3 0
Cellulitis 1

Cryptococcal pulmonary infection 1

Abbreviations: NCI-CTC, National Cancer Institute Common
Terminology Criteria (version 3.0).

Weeks
Fig. 3. Kaplan—Meier PFS.

included nausea sensation, thrombocytopenia, lympho-
penia, anemia, vomiting, elevation of liver enzyme,
and neutropenia. Three patients underwent grade III
lymphopenia, but it did not require drug discontinu-
ation. Treatment-related toxicities required 4 patients
to discontinue therapy in this study. Two patients
experienced grade III neutropenia and had to discon-
tinue therapy. For another patient, grade 2

-
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a Disease progression 5 22 27
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g 254 . Side effects 2 2 4
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2 0 T § T T 1 thrombocytopenia and frequent seizure attacks required
s 0 20 40 60 80 100  the patient stop therapy, even though follow-up MRI

showed SD. Two other patients had to discontinue
therapy because of cellulitis and cryptococcal pulmon-
ary infection (Tables 2 and 3).

Assessment of QOL

On the basis of a baseline SF-36, QOL scores are
described in Fig. 4. For all patients, follow-up SF-36 at
3 months or study-off time revealed a significant
decrease in QOL score in physical health status,
whereas no significant difference was shown in mental
health status. In contrast, for 23 patients showing
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Fig. 5. Assessment of QOL using SF-36 of all patients (upper) in this study and good responders among them (lower).

response to the treatment, SF-36 at 3 months demon-
strated that there was no significant difference in phys-
ical and mental health status, when compared with the
baseline SF-36 (Fig. 5).

Discussion

Although chemoradiothrapy followed by adjuvant TMZ
treatment is known to be effective for newly diagnosed
GBMs, no definitive treatment for TMZ-intractable
GBMs, recurrent tumors, or disease that has progressed
has been determined yet. Most recurrent gliomas are
found during the period of adjuvant therapeutic sche-
dule with TMZ. Like this, the treatment-free interval
may afford tumor-associated endothelial cells the oppor-
tunity to recover, which allows tumor cells to resume
growth.”®> To overcome these limits of conventional
schedules, continuous administration of certain cyto-
toxic agents at low doses, known as “metronomic che-
motherapy,” has been reported to be more effective in
targeting tumor endothelium.?~*#*%%2* For performing
metronomic treatment, TMZ itself may be an optimal
drug because it can be easily taken everyday by oneself
without requiring further hospitalization. TMZ can be
reasonably rechallenged in this heavily pretreated popu-
lation. Perry et al.?® supported that metronomic
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treatment by rechallenging TMZ was effective for con-
trolling recurrent malignant gliomas. Recent review by
Wick et al.?® also reported a similar outcome of alterna-
tive schedules of TMZ for recurrent gliomas, including
1-week on and 1-week off. Their results suggest that
most of the recurrences in gliomas are not caused by
only the intractability of the tumor to TMZ. Although
this phase II study had too small a sample size to prove
the efficacy of metronomic treatment for recurrent
GBM:s, the result can be added to the evidence support-
ing the therapeutic effect of a rechallenge schedule of
TMZ. Recently, Perry et al. (unpublished) performed a
phase II RESCUE study. According to their data on
recurrent GBMs and anaplastic glioma, they reported
the various treatment outcomes (PFS-6, 7%—-52%)
based on the period of recurrence and the tumor type
(grade IIT or V).

In this study, the ethylation status of the MGMT pro-
moter did not affect the response rate of metronomic
treatment. It was notable that metronomic treatment
using TMZ could control the tumor progression in
even tumors with unmethylated MGMT status, which
were more resistant to the conventional chemotherapy
and even lead to poor survival. This finding was consist-
ent with another rechallenge of TMZ study.****° Little is
known, to our knowledge, about the result of long-term
use of TMZ for MGMT methylation status. However,
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Tolcher et al.?” suggested that a protracted schedule of
TMZ markedly inactivates the activity of MGMT.
According to their report, low-dose continuous use of
TMZ may overcome the resistance to chemotherapy in
unmethylated GBM by inhibiting tumor endothelial
proliferation. This study supports the concept of metro-
nomic use of TMZ regardless of MGMT promoter
methylation status. However, this concept had an
important drawback that MGMT methylation status
was evaluated at the initial presentation, not at the
time of recurrence. At the recurrent presentation, it
could not be identified whether methylation status had
changed or not, compared with at the initial presen-
tation. As another limitation of this study, preselection
bias by a small sample size should be considered when
interpreting these data.

Metronomic treatment has some advantages over
other salvage chemotherapies for recurrent GBMs.
First, it can provide better compliance of application
for recurrent GBM patients. Second, although
treatment-related toxicities were present in all accrued
patients, most of them were included in the grade I or
IT events and only 4 patients discontinued the treatment
protocol because of the adverse effects (Table 2). Third,
it can provide a relatively good performance status in
terms of health-related QOL, leading to preserved
QOL in GBM patients. Finally, it is likely that the

combination of metronomic chemotherapy with more
potent inhibitors of angiogenesis or more effective
agents inhibiting invasion will lead to greater antitumor
activity.

In summary, metronomic treatment using TMZ was
fairly well tolerated and proved to be a feasible and
safe chemotherapeutic modality for patients with recur-
rent GBMs. This antitumor and antiangiogenic thera-
peutic  schedule warrants further combination
treatment with other various agents. In addition, a
phase II clinical trial of a larger series and a controlled
randomized study should also be conducted to provide
a differential impact on recurrent GBMs.
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